This paper aims to quantify and analyze the impact of open access (OA) on the obsolescence characteristics of journals. A total of 15 journals that changed their status from closed to open access in 2012 and 2013 were selected for a longitudinal obsolescence investigation. Based on the cumulative citation rate distribution model, two ageing time parameters were identified from the actual citation process to quantify the obsolescence of cited journals. The experimental results show that the journal presents three differ-
Introduction
Since Gross and Gross (1927) introduced the concept of obsolescence, that is, the phenomenon that scientific publications are decreasingly used over time, obsolescence and its law have become an important topic of scientometrics and bibliometrics. People launched a number of studies around literature obsolescence, such as literature obsolete mechanism (Amankwah-Amoah 2017; Alvarado 2014; Egghe 2004) , measure (Bouabid and Lariviere 2013; Gorbea-Portal and Atrian-Salazar 2018; Zhang and Glänzel 2017a, b) , the mathematical model (Bouabid 2011; Burrell 2001; Glänzel and Schoepflin 1995, 1999; Glänzel et al. 2016; van Raan 2000; Sotelo-Cruz et al. 2016 ) and its influencing factors (Duan and Xiong 2017; Grover and Grover 2015; Jones et al. 2004; Tonta 2005) .
It was widely believed that given the accelerated pace of scientific development, scientific literature would become more rapidly obsolete (Price 1965; Line 1970) . While a recent study by Google Scholar's team (Verstak et al. 2014) found an apparently increasing fraction of citations to older publications, and suggested that citing older documents is possible thanks to accessibility improvements to scientific knowledge, including digitization of old documents, proliferation of repositories and search engines. They pointed out that the development of the repository, self-archiving, digitization and web services enable the public and interested researchers to access old literatures. These new retrieval opportunities and technologies may play an important role as these new trends may make it easier for researchers to find the most relevant literature, whether it is up to date or not (Verstak et al. 2014) .
In addition to these convenient repositories and search engines, open access (OA) to academic literature is widely adopted by many academic publishers as a new way of publishing. After it was proposed, OA has been hotly debated by all sorts of actors in the academic community, including researchers, publishers, funding institutions, librarians, and policy makers (Martín-Martín et al. 2018; Sarigol et al. 2017; Gadd et al. 2017; Laakso 2014; Rowley et al. 2017 ). Many of these discussions revolved around the levels of OA for different samples of documents, presenting results at various levels of aggregation (Fukuzawa 2017; Yang et al. 2017; Smith et al. 2017; Dermarest and Sugimoto 2015; Leydesdorff and Rafols 2011; Small 2010; Yan and Li 2017; Zhang and Glänzel 2017a, b; Campos et al. 2016) , and the ways in which the system of scholarly communication should change (Gök et al. 2016; Yan and Li 2017; Björk and Solomon 2012; Eysenbach 2006) , taking advantage of this new virtual environment to become more effective and efficient (Mikki 2017; Jokic et al. 2017; Wang et al. 2015; Sotudeh and Horri 2008; Gumpenberger et al. 2013) .
Open access indicates whether a journal is accessible free, without subscription, for academics and interested readers. Open access literature is digital, online, free of charge, and usually free of most copyright and licensing restrictions. Benefiting from this nature of OA journals, articles published in most OA journals, as opposed to their conventional counterparts, differ in the ways and rates at which they can acquire citations (Harzing and Adler 2016) . They are structured to be able to gather citations much more quickly than are articles published more conventionally. Researchers have launched works on measuring both the citations an OA journal has received and the consequences for the calculating of bibliometric indicators (Echeverria et al. 2017; Eysenbach 2006; Cho 2008; Aguillo et al. 2010; Bornmann et al. 2011; Pooladian and Borrego 2017; Ainsworth and Russell 2017; Pisoschi and Pisoschi 2016; Wang et al. 2015) . But fewer attentions have been paid to the obsolescence of OA journals, that is, as a consequence of the fast development of electronic data 1 3 sources, will the conversion from traditional closed journals to OA journals affect the obsolescence of journal articles? Is there a difference in ageing for the journal before and after changing its status to OA? After converting journals to open access, do researchers tend to quote more old documents than before? Thus, in this study, we will continue and expand the explorations on the obsolescence of literatures. Here, we understand that obsolescence is reflected in the tendency of the citation rate of articles to decay over time as they are less relevant to ongoing knowledge generation.
In order to measure the speed and degree of scientific literature obsolescence, reveal obsolescence law quantitatively, researchers put forward some main measures such as halflife, price index, prospective price index, remaining useful indicators from different angles (Moed 1989; Line 1970; Glänzel 2004; Glänzel and Schoepflin 1995; Glänzel et al. 2016) . In fact, scientific literature obsolete is not only an objective social phenomenon, but also a complex dynamic process. The observed citing process of periodicals includes the diffusing process of cited papers, the ageing process of cited papers, and the publishing process of citing papers (Egghe and Rousseau 2000) . That is to say, when article A is cited by article B, the delay of citation actually involves the diffusing and ageing process of article A, and the publication process of article B. But we are accustomed to calculate the citation age of one cited article from its publication time till to the publication of the citing article, publication delays consequentially exist in the citation distribution of the cited article. Egghe and Rousseau (2000) proposed a research-citation cycle to consider the role of publication delay on the citation of an article. Based on this cycle and Bernal's negative exponential model, Yu et al. (2005) deduced the transfer function model in modeling the actual delay process between citing and cited journals. Subsequently, Yu and Li (2010) deduced the cumulative citation rate distribution equation to calculate the ageing time parameters reflecting the obsolescence of cited articles. They compared the cumulative citation rate distribution equation with other citation distribution models and found that the former is better with least fitting error than the other models. Zhang et al. (2017) also verified that the cumulative citation rate distribution equation can better identify the ageing time parameters which reflects the degree of obsolescence of cited papers. Therefore, in this study, we will continue to use the transfer function model and the cumulative citation rate distribution model to investigate the obsolescence characteristics of journals and answer the above questions.
The rest of the paper is organized as follows: the "Data" section shows the data used in the experiments. The "Methods" section describes the detailed process of modeling and calculating the obsolescence of journals. In the "Experimental results and discussion" section, the experimental results are presented and the paper is concluded with a summary of the overall discussion.
Data
In this paper, we are mainly intending to detect whether open access will affect the ageing process of scientific journals. Before and after OA, are there any differences in the obsolescence characteristics of journals? For this purpose, the journals which changed their status from closed to open access in 2012 and in 2013 were selected. In order to clarify whether OA will affect the ageing process of scientific journals, all selected journals are required to have a complete 10-year citation data provided by JCR to ensure that each journal has 5 years of citation data for analysis before and after conversion. A number of journals were firstly removed for their incomplete citation data in JCR. For example, Journal of Revista Brasileira De Zootechia-Brazilian Journal of Animal Science changed its status from closed to open access in 2013, but was excluded because of the lack of citation data from JCR 2012 and JCR 2013. Some journals have also been deleted because their cumulative citation rate over the past 10 years is too small. In this study, the ageing time parameters used to examine the obsolescence characteristics of journals was identified from the cumulative citation rate curve of journals. The cumulative citation rate was calculated based on the cited data collected from the Journal Citation Data provided by JCR. The Journal Citation Data in each JCR year only contains the cited data of journals in the past 10 years. As it was shown in Table S1 in the Supplementary Material, the cited data collected in JCR 2017 contains the cited data of journals from year 2017 to 2008. If the cumulative citation rate of a journal in the past 10 years is too small, the 10-year citation data will not well reflect the citation life cycle of the journal. Therefore, the ageing time parameters identified from the cumulative citation rate will not accurately represent the obsolescence characteristics of the journal. For example, journal of Bijdragen Tot De Taal-Land-En Volkenkunde has complete 10-year JCR citation data, and changed its status from closed to open access in 2013. However, it was excluded because its cumulative citation data in the past 10 years is less than 30% of the total citations. In the end, only five of the 26 journals that completed their conversion in 2012 meet the requirements. Ten of the 46 converted journals in 2013 are eligible. These 15 journals will be taken as representatives of journals that were converted from closed to open access and are marked as S-journals to complete the following experiments.
Besides these 15 converted journals, some fully closed access journals (labeled as C-journals) and fully open access journals (labeled as O-journals) from the same subject categories as the S-journals were also selected to make a comparison with those S-journals. These C-journals and O-journals will have similar impact factors to S-journals as much as possible. And these journals, like the selected S-journals, should also meet the criteria of the full 10-year citation data and the reasonable cumulative citation rate. Finally, 15 C-journals and 15 O-journals were selected. Table 1 shows all the journals selected for our experiments.
Based on the web version of JCR, we collected the citation data for each journal. For the journals that changed their status from closed to open access in 2013, and their corresponding matching journals, the 10-year cited data were collected from the Journal cited data provided by JCR (2008 JCR ( -2017 . And for the journals converted to open access in 2012, and their corresponding matching journals, the 10-year cited data were collected from the Journal cited data provided by JCR (2007 JCR ( -2016 . Taking the S-Journals which completed their conversion in 2013 as an example, the cited data of these journals collected by JCR 2017 was shown in Table S1 in the Supplementary Material. 
Methods
For journals, the dissemination of knowledge is actually based on the inter-citation relationship between micro-articles. The actual citation process of articles includes three steps: the diffusion process of cited articles, the ageing process of cited articles and the publishing process of citing articles (Egghe and Rousseau 2000) . To the periodical level, the actual citation process among periodicals should also include the dissemination process of the cited periodical articles, the ageing process of the cited periodical articles and the publishing process of the citing periodical articles. The sketch for describing the actual citation process between journals was shown in Figure S1 in the Supplementary Material. The dissemination process of articles refers to the process that periodical articles enter into the bibliographic database and can be retrieved by readers. The application of information technologies and web services has greatly shortened the time required for this process, so it can be ignored throughout the total citation life cycle of articles. The ageing process refers to the process that the content of scientific literature become obsolete with its "time of life" increasingly, as the value of intelligence source decrease simultaneously. This ageing process will be reflected in the cited articles' citation distribution. The publication process gives the publication delay for citing articles between submission and publication. This delay is also hidden in the cited articles' citation distribution. Li (2007, 2010 ) made a thorough study on the delay effect of the actual citation process between articles. They regarded the actual citation process as a physical system and established a series of differential equations to describe the relationship between the input and output of the system. Figure 1 shows the transformation model of the actual citation process.
Where X(T) is the input of the system; S is the Laplace operator; X(S) is the Laplace transform of the input X(T). C(T) is the output of the system and C(S) is the Laplace transform of the output C(T). W 1 (S)
is the transfer function model of the ageing process of cited articles, and W 2 (S) is the transfer function model of the publishing process of citing articles.
Combining the classical Bernard negative exponential model and the articles' cumulative publication flux's delay distribution function proposed by Yu et al. (2003) , Yu and Li (2007) deduced the transfer function model of the actual citation process, as shown in Eq. (1):
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Inverse Laplace transform Fig. 1 The transformation model of the actual citation process (Yu and Li 2007) Based on the transfer function model between articles and the actual citation process of journals as shown in Fig. 1 , we can easily get the transfer function model between journals. Figure 2 shows the transfer function model reflecting the actual citation process between journals.
Suppose the input X(T) of this transfer function model is the total citation rate to one cited journal A, and:
T refers to the age of articles in journal A. The Laplace transfer of input X(T) is:
The articles in journal A are systematically exported through the actual citation process, including their own ageing process and the publishing process of the citing articles.
The output of C(T) of the model is the accumulated citation rate distribution function of articles in journal A. The Laplace transfer C(S) of output C(T) can be easily deducted based on X(S) and the transfer function W(S) in Fig. 2 .
By using the inverse Laplace transform of C(S), the cumulative citation rate distribution function C(T) of journal A can be obtained:
where T 1 is the ageing time parameter related to the obsolescence of articles in journal A, which refers to the average ageing rate of articles in journal A. T s is the publishing time constant related to the average publication delay of citing articles. T s = N/Y, N is the deposited contribution quantity of the journal at steady state; Y is the quantity of articles published in the journal per year. is the publication pure delay related to the review delay of citing articles (Yu and Li 2007) . Based on the cumulative citation rate distribution function C(T) in Eq. (5) and the actual cumulative citation distribution of the journal, three time parameters can be calculated.
Half-life is a widely-used measure for articles' obsolescence. But JCR lacks to provide the value of half-life when it is over 10 years. Yu and Li (2007) further deduced the calculation equation of half-life based on the three time parameter derived from Eq. (5): In this study, we mainly focus on the obsolescence characteristics of journals before and after they converted to OA. As shown in the above analysis, T 1 is the ageing time parameter related to the obsolescence of articles in journal A, which has been verified to better reflect the degree of obsolescence of cited papers (Yu and Li 2007; Zhang et al. 2017) . Thus both the time parameters of T 1 and T 0.5 were derived to characterize the obsolescence of journals.
Experimental results and discussion
Based on the Journal cited data for each journal, it is easier to calculate the cumulative citation rate distribution for each journal in each collection year. Taking the journal Cellular Physiology and Biochemistry (S-3) as an example, we calculated the cumulative citation rate distribution of it for each collection year from 2008 to 2017. By taking the cumulative citation rate distribution function C(T) in Eq. (5) to fit the journal's actual cumulative citation rate distribution, we deduced the three time delay parameters of T 1 , T s and .The half-life value of T 0.5 is also calculated by Eq. (6) once the three time parameters have identified. Table 2 shows the identified time parameters for journal Cellular Physiology and Biochemistry (S-3). The last column in Table 2 gives the fitted error for the journals in each collection year. Obviously, the errors are considerable low, which indicates that the cumulative citation rate distribution function C(T) in Eq. (5) is a good fit to the journal's actual cumulative citation distribution. Comparing the changes of the ageing time parameters of the three types of journals, it can be found that the obsolescence characteristics of the three types of journals have large differences during and after the conversion year. For the S-journals that changed their status from closed to open access, they have a more obvious ageing extension trend after the conversion, which is expressed by the quickly growth of the two ageing parameter during and after the conversion year. For S-journals with rising ageing, such as the journals of S-1, S-2, S-4, S-5, S-6, S-10, S-12, S-13, S-14 and S-15 in Figure S2 , they show a more prominent ageing trend, which is manifested by the jump phenomenon of the ageing parameters during or after the conversion year. For the S-journals with a decreasing ageing trend, the ageing tendency is mostly slowed down after they were converted into OA journals. It is characterized by a small increase in ageing parameters during or after the conversion year. Some journals even reach a small peak of their ageing parameters after the conversion year, such as journals of S-3, S-7, S-9 and S-11, in Figure S2 .
In contrast, no similar phenomena were found in C-Journals and O-Journals. In fact, the ageing characteristics of matching journals in the vicinity of the conversion year are rather messy and do not show obvious consistent regularity. Journals with an upward trend in ageing characteristics do not show a hopping trend as shown by those S-journals 1 3 during or after the conversion year. Most journals with a declining ageing characteristic do not show an increase in the ageing time parameters after the conversion year. Some journals even reach a low point in the ageing time parameters during or after the conversion year. The ageing parameters of journals C-9 and C-12 in Figure S3 reach their trough in the conversion year. The ageing parameters of journals O-6, O-8, and O-11 in Figure S4 also show troughs in the vicinity of the conversion year. Therefore, during and after the conversion year, the S-journals show a completely different phenomenon from the matching journals. Whether it is a journal with an extended ageing trend or a journal with a shortened ageing trend, the ageing parameters during or after the conversion year are significantly increased. This phenomenon is not reflected in the matching journals at all. This suggests that these interesting phenomena, which are only shown in S-journals, are due to the transformation of journals. More precisely, the shift from traditional closed journals to open access journals has affected their obsolescence characteristics, which has led to a significant growth in the ageing parameters of journals. In order to make a more clearly analysis on the impact of open access on the obsolescence characteristics of journals, the S-journals were divided into three categories based on the changes in the ageing parameters of the journals before and after the conversion year. Taking the year when journals changed their status as the boundary, the ageing characteristics of the journals for 10 years are divided into two time intervals of the first 5 years and the last 5 years. For example, for the journals that completed their conversion in 2013, the ageing interval of the first 5 years of the journal corresponds to 2008-2012, and the ageing interval of the last 5 years corresponds to 2013-2017. Comparing the changing of the average value of ageing parameters in these two time intervals, the obsolescence characteristics of the S-journals were divided into three different types: (a) "Sustainable growth"; (b) "Oscillatory decline"; (c) "Flash in the pan". In the following, we will give detailed explanation on these three types.
(a) "Sustainable growth": Journals with increasing values in their ageing parameters will be classified into this category. In the ageing interval of the last 5 years, the average value of the two ageing parameters, T 1 and T 0.5 , is higher than that in the previous 5 years. There are nine journals, including S-1, S-4, S-5, S-8, S-10, S-12, S-13, S-14, and S-15 belong to the "Sustainable growth" type with a growing obsolescence as time going. The articles published in these journals will live longer as a result of a lengthening ageing trend. Figure 4 shows the evolving of the two ageing time parameters for these journals in 10 years. Obviously, all the journals classified into this category have a Sustainable growth tendency on their ageing characteristics. And most journals show a more quickly increasing in their ageing parameters during or after the conversion year. It should be mentioned that there are two journals of S-2 and S-6 also meet the criterion of "Sustainable growth", the average value of the two ageing parameters in the last 5 years is higher than that in the first 5 years. However, these journals showed a very rapid ageing growth trend after the conversion year and then declined at a very fast rate. In this study, the journals that meet this unique ageing feature were extracted separately and analyzed as a new type of "Flash in the pan". (b) "Oscillatory decline": for journals belonging to the type of "Oscillatory decline", the average value of the two ageing time parameters shows a downward trend. That is, in the last 5 years, the average value of the two time parameters is less than the average value in the first 5 years. Journals of S-3, S-7, S-9 and S-11 have shown this Oscilla-tory decline ageing characters. Figure 5 gives the ageing characteristics of these four journals. (c) "Flash in the pan": the journals showing a sharp increasing trend for the ageing time parameters in a very short time period (within 1-2 years) after its conversion year, and then decreasing rapidly soon afterwards were classified into the type of "Flash in the pan". There are two journals of S-2 and S-6 meet the criterion of "Flash in the pan". Figure 6 gives the changing ageing characters of these two journals.
Comparing the value of the two ageing parameters before and after the conversion year for these journals, it can be seen that journals exhibit diverse ageing tendencies. Some journals have experienced a big jump and then continually increasing on the two ageing indexes, and these journals are mainly belong to the type of "Sustainable growth". Some journals show a little short-term peak on the ageing parameters after the conversion year, but eventually they still show a trend of attenuation. These journals mainly belong to the type of "Oscillatory decline". However, the main feature of the "Flash in the pan" journal is that the ageing parameters increase sharply in a very short time after the conversion year, and then these parameters drop rapidly. These interesting phenomena in the ageing parameters of journals displayed after the conversion year indicate that OA does have an impact on the obsolescence characterization of journals. Regardless of whether the ageing of these journals shows a trend of growth or decline, the ageing time parameters of the journals show a more obvious growth trend after the journals are converted into OA journals. The reason may be that after the journal is converted to an OA journal, due to the convenience of free access to academic resources provided by Fig. 4 The ageing characteristics of the "Sustainable growth" journals OA, the readers have shown a relatively high enthusiasm for the articles published in the journal. This attention is not only to the new published articles, but also to some older publications. As a result, almost all journals present an increasing trend on their ageing parameters after OA. But some journals would continue to keep this growth, which are mainly the journals belong to "Sustainable growth". Others began to decay after a short period of growth caused by the readers' short enthusiasm on the old documents. These journals are mainly the latter two types of "Oscillatory decline" and "Flash in the pan". Therefore, OA does have a certain impact on the ageing characteristics of journals. In the following experiments, we detected the changing of journals' impact factor (IF) and the ranking of journals in their subject category in the 10-year time periods to investigate whether there are any relationships between journals' obsolescence and the impact of them in their subject category. In order to visualize the changes in the ranking of journals over the past 10 years clearly, this study calculates the ranking score for each journal.
Assume that in a particular year T, a total of N journals in a subject A are included in JCR. According to the order of impact factor values from large to small, the journal J i ranks n in the total N journals in subject A. Then the journal's ranking score for J i is defined as:
A larger value of ranking score means that the journal ranks higher in its subject category and has a relatively higher impact factor (IF). If a journal belongs to different subject categories at the same time, we calculated the ranking scores in different categories separately, and analyzed the journal in the subject areas with higher scores.
Figures 7, 8 and 9 show the evolving of journals' IF and the ranking scores for the three type of journals. Since a total of nine journals were classified as the type of "Sustainable growth", in order to show the results more clearly, the journals that were converted to OA in 2012 and 2013 were drawn separately in Fig. 7 . Figure 7 shows that the IF and the ranking score change irregularly for the journals in type of "Sustained growing". Most of these journals have increased their impact factors and ranking scores over the past decade, but there are still some journals whose impact factors and ranking scores have declined over the past 10 years, such as the journals of S-1, S-12 and S-15. For journals with IF growth, readers may have a high level of enthusiasm for long-term articles and newly published articles, which directly leads to the growth of ageing trend and the simultaneous growth of IF. But for journals with a decline in IF, readers seem to be more enthusiastic about older articles than newly published articles. For the latter two types of "Oscillatory decline" and "Flash in the pan" journals, their IF and ranking score all showed an upward trend. The temporary extension of the ageing trend brought by the conversion of journals to OA did not affect the IF and ranking scores of these journals. For these journals, readers are still paying more attention to the newly published articles in the journals, which leads to an increase in the IF and ranking scores of the journals. We further detected the citation distribution for the three types of journals to investigate the citations to both the old papers and the news ones with the aim of understanding the different changing law of the impact factor among journals. For each journal, the old documents is defined as the ones published near the upper limit of the identified ageing parameters. Taking S-1 as an example, the upper limit of the ageing parameters of it is about 11 years. Therefore, those documents published 10-11 years before the collection year are regarded as old ones. Articles published 2 years before the collection year are considered new ones, i.e. the literatures within the time frame for calculating the impact factor is taken as new articles. Due to the limitations of the start publication year of journals, some journals do not have the old articles in some years that meet the requirements, such as in years of 2007, 2008 and 2009 . Therefore, we excluded these years and only analyzed the citation distribution for journals from 2010 to 2017. Figures 10, 11 and 12 show the evolving of citations to old articles and also to the new ones for each journal in the three types. It should be mentioned that the journals S-5 and S-9 were not analyzed here. According to the results shown in Fig. 4 and 5, the upper limit of the ageing of these two journals is around 15 years, that is, the articles published 14-15 years ago by the journals could be regarded as the older article. However, S-5 and S-9 started their publication in 2005 and 2008 respectively, which made it impossible to collect the old articles for all the collection years for the two journals.
Comparing the number of citations to old articles before and after the journal is converted to OA, it can be found that after OA, readers have increased their attention to the old articles for almost all the journals, although this growth may be short-lived. This is consistent with the growing trend of ageing parameters in journals after OA. It further explains that OA does affect readers' concern about the old articles in journals. Among the three types of journals, the difference between the number of citations to the new and old articles is the smallest for the "Sustainable growth" journals. For the latter two types of journals, the number of citations to newly published articles is much larger than that to the old articles, which is more obvious for the "Oscillatory decline" journals. Readers are more interested in newly published articles, which benefits the growth of the impact factor of these journals. For the "Sustainable growth" journals, readers Fig. 10 The citations to both the old and the new articles for the "Sustainable growth" journals would pay more attention to old articles which leads to an extension of the ageing trend of such journals. While referring to the citations to the newly published articles, it is not uniform for the journals classified into the type of "Sustainable growth". For journals of S-4, S-10, S-13 and S-14, readers pay more attention to newly published articles besides their enthusiastic about old articles. Readers' concerns about the newly published articles in the journal S-8 are highly volatile, but overall they are on the rise. This focus on new published articles led to an increase in the impact factors of these journals, and also reflected the "polarization" phenomenon of readers' citation activities. Readers may be 
Fig. 12
The citations to both the old and the new articles for the "Flash in the pan" journals interested in both older articles and newer articles published in journals simultaneously. Zhang and Glänzel (2017a) reported a "polarization" tendency of reference distribution in the subject level. We found that this "polarization" tendency could also exist in the citation distribution in the periodical level. However, for journals of S-1, S-12 and S-15, readers' interest in newly published literature fluctuates greatly and basically declined, which led to fluctuations and downward trends in the impact factors of these journals. It is undeniable that the value of the impact factor depends not only on the number of citations but also on the number of publications in the previous biennial publications. Therefore, the analysis about the impact of reader's concern on journals' IF may not be rigorous. However, references to new and old literature can roughly indicate the reader's attention to the literature, which helps to understand the relationship between this concern and journal impact factors to some extent.
Therefore, based on the above experimental results, we can get the following conclusions.
1. OA does have an impact on the obsolescence characteristics of journals. But this impact does not necessarily last with time going. For some ageing growth journals, OA will further extend its ageing trend. However, for journals that accelerate ageing, OA can only temporarily slow down its ageing rate and will not change the tendency of journals to accelerate ageing. 2. OA does not necessarily continue to increase readers' concerns about the older articles.
Although for all journals, readers have shown a higher enthusiasm for older articles after they were converted to OA journals, this enthusiasm may be temporary. For journals of the "Oscillatory decline" and "Flash in the pan" types, although the readers have increased their attention to older articles to a certain extent after the journal converted to OA, this concern has not lasted. Readers will continue to devote more interest to new articles published in these journals, and provide more citations for these newly published articles, which lead to the growth of IF and ranking scores for these journals in their subject category. Evans (2008) stated that as more journals became online published, the cited articles tended to be more recent. At the same time, based on Google Scholar metrics, Verstak et al. (2014) found that the share of reference lists in articles going to articles 10 or more years old has increased since 1990 in most of the scholar subject areas. Our experimental conclusions indicate that readers may be interested in newly published articles and long-term published articles simultaneously. For journals in the type of "Sustainable growth", readers have shown a higher interest in articles published over a longer period of time, which has led to continued growth in the ageing parameters of journals. However, readers will also be interested in newly published articles, bringing with it a phenomenon called "polarization". For journals in types of "Oscillatory decline" and "Flash in the pan", readers have shown a stronger enthusiasm for newly published articles, which has helped journals gain higher IF and ranking scores. 3. OA does not necessarily improve the IF of a journal. Tort et al. (2012) showed that the online availability of articles lead to earlier citations, and thus can artificially raise a journal's impact factor. Our experimental results are basically consistent with the conclusions of Tort et al. (2012) . Due to the convenience of open access for searching and downloading articles, most journals have gained more recent citations after their conversion to OA and directly contributed to the enhancement of journals' impact factors. Among the 15 converted journals analyzed in this study, 12 journals show an upward trend in IF after OA. Although there are many factors that can affect the changes in the journal IF, these journals have indeed obtained more citations to recent publications after they were converted to OA. However, there are also three journals, S-1, S-12 and S-15, which didn't show the increasing trend in IF. The open access seems to only bring more concern for articles published long ago to these journals, and has not brought the same luck to newly published articles in these journals. Therefore, in addition to helping to further extend the ageing trend of journals, the open access of these journals did not help the growth of journal IF.
Conclusions
Open Access movement tried to provide quick, free and fair access to research studies, and thereby to facilitate the advancement of science and knowledge (Chi Chang 2006) . Analysis of citation life cycles of the journal articles is considered a valid approach in scientometrics (Calabretta et al. 2011; Ho 2014; Serenko and Dumay 2015) , which could help to reveal the growing, stable or declining obsolescence trends of journal articles. Fifteen journals which changed their status from closed to open access, as well as the same number of matching fully closed journals and fully open access journals from the same subject category of each conversion journal, were selected in this study to make a longitudinal analysis to explore the influences of open access (OA) on the obsolescence characters of periodicals. By taking the actual citation process as a dynamic physical system, we identified the ageing time parameter T 1 and half-life parameter T 0.5 from the actual citation process between periodicals. Experimental results show that the converted journals have a more obvious ageing extension trend after the conversion. In contrast, no similar phenomena were found in the matching journals. This interesting phenomena only shown in the converted journals are due to the status transformation of journals. On the basis of these two ageing parameters, we made a survey on examining the influence of OA brought to journals' obsolescence characteristics and the impact factors of them. By comparing the changing of the two ageing time parameters before and after the journal's conversion year, the journals were divided into three different types: (a) "Sustainable growth", journals belong to this type experience a big jump in ageing and then continually increasing in the ageing indexes; (b) "Oscillatory decline", journals in this type show a little short-term peak in the ageing parameters during or after the conversion year, but eventually they still show a trend of attenuation; (c) "Flash in the pan", journals divided into this type are characterized by a sharp increase in the ageing parameters in a very short time period after the conversion year, followed by a rapid decline in these parameters soon after.
The experimental results show that OA does have an impact on the obsolescence characteristics of the journal. After the journal was converted to OA, it has brought about an increase in ageing parameters for all journals, although this growth may be short-lived, especially for journals of "Oscillatory decline" and "Flash in the pan". The increase in ageing parameters shows the reader's increased focus on older articles published in journals. But like the changes in ageing parameters, this concern for long-term published articles may also be temporary. For journals of the "Oscillatory decline" and "Flash in the pan", the open access to journals did not lead to a continued attention to articles published long ago. Relatively speaking, readers will still give more citations to the new literature, which lead to an increase in the journal IF and ranking score.
For the journals of "Sustainable growth", the variation of IF and ranking score is more special. For most of the journals in this type, readers are not only interested in the articles published in the long-term, but also have a high enthusiasm for the newly published articles, which brings the simultaneous growth of journal ageing parameters and IF, and also shows a phenomenon of "polarization" in the reader's citation behavior. However, in this type of journal, there are also several journals that exhibit different citation behaviors. For journals S-1, S-12 and S-15, readers seem to only pay more attention to the more older articles but with low enthusiasm for newly published articles. It helps to bring a more obvious increasing tendency in ageing to journals, but has not brought about an increase in the journal IF.
Therefore, this paper draws some interesting conclusions by studying the obsolescence characteristics of journals after their conversion to OA. However, it is still necessary to study the factors that dominate the obsolescence characteristics of journals. Why, for some journals, readers are only interested in older articles, and what is the cause of this phenomenon. In the future study, we will continue to study these issues in depth and look forward to drawing more conclusions and laws of the obsolescence characteristics of journals.
